Partial unfolding of a monoclonal antibody: role of a single domain in driving protein aggregation.
We have examined the effect of incubating a monoclonal antibody (mAb) in low (0-2.0 M) concentrations of guanidine hydrochloride (GdnHCl) on the protein's conformation and aggregation during isothermal incubation. In GdnHCl solutions at concentrations from 1.2 to 1.6 M, the mAb was partially unfolded. As demonstrated by fluorescence and circular dichroism spectroscopy, the partially unfolded state of the antibody had perturbed tertiary structure but retained native secondary structure. Furthermore, partial unfolding of the antibody was documented by analytical ultracentrifugation, dynamic light scattering, and limited proteolysis. Subsequent aggregation of the antibody was characterized using size-exclusion chromatography, analytical ultracentrifugation, and dynamic light scattering. Over the entire concentration range (0-2.0 M) of GdnHCl, protein-protein interactions were attractive, as quantified by negative osmotic second virial coefficients measured with static light scattering. However, during isothermal incubation at 37 °C, the aggregation of the antibody was detected only in solutions that induced partial unfolding. Differential scanning calorimetry studies showed that the antibody's CH2 domains were unfolded in antibody molecules that had been incubated in 1.2 M and higher concentrations of GdnHCl. These results suggest that unfolding of the CH2 domains leads to aggregation.